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The state of technology for motors intended for 
^ space launch vehicles has taken great strides in the 

past few years. The two basic parameters which have 
advanced greatly are burn time and thrust • level. They 
carry with them, of course, large physical dimensions, 
great weight, and high propellant loads. The advance 
in burn time has been from typical military rocket levels 
of 60 seconds to approximately 120 seconds. Thrust levels 
greater than one million pounds are delivered by the 
120 inch Titan III solid propellant motors, thrust greater 
than three million pounds will be demonstrated by early 
1965 in the National Large Solid Motor Feasibility Program, 
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by the full length versions of motors in that program. 

In achieving this advance, test motors with diameters of 
86", 96", 100", and 120" were fired under Air Force and 
NASA contracts in the period 1960 to 1963 (Figure 1) . 

These programs defined the technology of nozzles, cases, 
and gave confidence in the status of propellant physical 
properties. They justified on the one hand the development 
of the Titan III solid motors, and on the other hand the 
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continuation of the large solid motor effort leading to 
motors approximately 22 feet in diameter and 150 feet long. 
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Before proceeding to discuss in detail the new techno- 
logies of the class of large motors, we should mention 
briefly the smaller solid motors used for space launch vehicles. 
The all-solid four-stage Scout vehicle is probably so well 
known that it requires little discussion. It is giving 
yeoman service, and now exists with various improved or 
uprated motors which provide appreciably greater payload than 
originally planned. Another important application in the 
space program is the Apollo Launch Escape System. Here, 
three soled motor o arc 

solid rocket motors are used in space launch vehicles, pri- 
marily for retro and oams applications. In general, these 
are based on older technology and do not have requirements 
for exceptional performance in terms of specific impulse or 
mass fraction. They burn for durations of a few seconds. 

The discussion of new state of technology should start 
with some consideration of uses. The uses are generally in 
vehicles carrying men, and in vehicles that also contain 
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liquid propellant stages. The best known application is 
probably the Titan III vehicle, under full development. 

Here, two 120" diameter segmented solid rockets, each deliver- 
ing somewhat over one million pounds of thrust, form the 
booster stage for a liquid propellant core based upon the 
Titan II vehicle (Figure 3) . Another similar application, 
on a smaller scale, is that of thrust- augmented Thor. Here, 
three solid motors provide an assist to the liquid core, 
with relatively large payload increase obtained by very 
modest investment in development effort (Figure 4) . 


Other missions must be spoken of in terms of potential- 
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relatively small payloads can be effectively delivered by 
vehicles containing one or more solid propellant stage (Fig- 
ures 5 and 6) . These highlight the inherent flexibility 
of the large solid motors. 


The new state-of-art indicated by the title of the 
paper is most directly associated with great impulse and 
thrust, and very little associated with specific impulse 
or high energy propellants. Fundamentally, the situation 
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grows from the economics of the space launch vehicles. 

It requires a lot of propellants, whether liquid or solid, 
to bring a space payload to velocity of 35,000 or 40,000 
feet per second. Studies of various launch vehicle systems 
shows that purchase of velocity by means of high energy 
solid propellants is not as economically attractive as 
purchase of velocity by larger amounts of lower energy solid 
propellants. An aspect of this situation which cannot be 
ignored is the fact that there is competition for some 
launch missions between liquids and solids, and the unit 
cost of materials like liquid oxygen and kerosene are very 
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involved deeply high cost, high energy propellants. 


The new state-of-art is best represented and summarized 
by three motors (Figure 7) . The first is 120" in diameter 
and is under full development for the Titan III launch 
vehicle. Here, thrust somewhat over one million pounds 
will be delivered for approximately 105 seconds, and indivi- 
dual motor weight will be in the neighborhood of one-half 
million pounds. The second motor is 156" in diameter, a 
dimension controlled by the maximum overland transportation 
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capability in the country. The class of motors has an 
ultimate capability of approximately three million pounds of 
thrust with motor weight near one and three-fourths million 
pounds. Two segment elements of this motor have been tested, 
producing almost one million pounds for 120 seconds. The 
third motor under active investigation is 260" in diameter; 
just over 22 feet. It is representative of a class which 
has a peak thrust potential near ten million pounds per 
motor, with 120 seconds burn time. In the existing programs, 
half-length motors are being made to produce over three 
million pounds of thrust (Figures 8 and 9) . This class of 
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the main benefits of segmentation, which will be discussed, below, 
are not applicable. 

These motors contain most of the new basic design 
concepts and technologies established during the recent past. 

One of the most interesting concepts which may be now con- 
sidered state-of-art is that of segmentation. The probable 
virtues and deficiencies of segmentation have been argued 
at great length by the solid rocket profession, but it appears 
that the period of contention has passed. The primary virtue 
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of segmentation is related to the ease of handle, transport 
and assembly (Figures 10, 11, 12). A secondary benefit 
derives from the fact that segmentation gives additional 
flexibility in the design of the grain perforation. This 
has resulted in widespread adoption of a circular central (Fig 12A) 
perforation in many motors. The prior drawback of circular 
perforations was the progressive thrust-time curve resulting 
from the increase in the burning surface as the perforation 

4 

enlarged. This has been overcome by using the end surfaces 
of the propellant segments. A circular central perforation, 
with proper design of segment end burning surface can yield 
•hrust-time curves of almost any desired shape. 

The- history of tests of segmented motors has been 
exceptionally good. During the past four years more than 
15 large segmented motors have been tested containing 
more than 50 individual segments, without a single failure 
of the joint or seal. We must not ignore the other side 
of the segmentation coin, however. The insulation of the 
joint region is critical; more total insulation is required 
than in non-segmented motors; more seals are involved. The 
cases are more difficult to make and are more expensive. 
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The larger number propellant and surfaces means more flaps, 
potting, inhibiting. One of these secondary factors was 
probably responsible . for at least one of the very few 
failures in the total large motor program. 

The large non-segmented, monolithic motor cannot be 
considered a novel concept, although the dimensions and 
weight are impressive (Figure 13) . It is generally found 
that length- to-diameter ratios do not exceed those estab- 
lished in prior years by relatively small rochets. The 
monolithic motors are almost unlimited in thrust and 
impulse potential since they are not limited by the restric- 
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beyond 260", with the primary limitation being burning rate 
and physical properties of the propellant. It appears that 
motors as large as 30 feet in diameter could be made now, 
if they are wanted. 

The next area of new technology is related to motor 
cases. The dimensions of the case parts are greater than 
those encountered in smaller motors, obviously: cylindrical 

sections can be almost 3/4" thick, and the transitions and 
bosses, can be almost 3" thick. A key problem in making 
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parts of these thicknesses is the heat treating technology, 
and specifically the availability of heat treating facilities. 

No facility in the country has a capability for motor cases 
larger than about 12 feet in diameter. This state led to 
serious examination, about two years ago, of a relatively 
new class of steels known as maraging steels, which contain 
approximately 18% nickel. Maraging steels obtain their 
strengths through an aging process at the moderate tempera- 
ture of 900°F and do not require quench or controlled furnace 
atmosphere. Needless to say these virtues would not be 
useable in the absence of good mechanical properties. A 
great deal of examination of the fracture toughness of the 
marage steels has been made with the conclusion that they 
are, if anything, superior in fracture toughness to the well 
known missile grade steels, at least in the yield strength 
range above 200,000 pounds per square inch (Figure 14). The 
principle drawback of the class of steels is the relative 
lack of knowledge about the details of smelting, rolling, 
welding, forming, inspection, etc. The marage steels were 
finally selected for the 156" and 260" diameter motors, and 
the results have, in general, been very good (Figure 15) . As 
a family, they have demonstrated considerably greater plain 

strain fracture toughness than the quench and tempered steels. 
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less weld -repair than other steels. The proof of the pudding 
is of course the eating: more than ten 156" motor segments 
have been made of the marage steel and hydrotested success- 
fully. One motor .156" in diameter has been successfully 
fired'; the cylindrical and head components of 260" diameter 
motor cases are now in the process of welding, with no 
appreciable difficulty (Figures 16, 17, 18) . 

The process of aging these segments to bring them to yield 
strength of 200,000 to 250,000 pounds per square inch has 
proved to be fairly straight forward. For 156" segments. 
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existing annealing furnaces have been used with temperature 
of 900°F for 4 to 8 hours. The 260" motors require the con- 
struction of new aging chambers. A satisfactory method for 
local aging of welds has been developed by one fabricator. 

The unit consists basically of a portable strip furnace 
which is placed around the motor case at the point of the 
final weld (Figure 19). This method is used consistently 
with satisfactory results. It is also used to re-age com- 
ponents or welds when repairs have been necessary. 

This raises an extremely interesting and valuable point 

concerning the marage steels. During a period of about 2h 

years one major fabricator of 156" diameter marage steel 

cases has produced 150 tons of finished product, has used 

about 47 miles of -weld rod and made about 3,500 test bars 

of various configurations. He has found it necessary to 

make nine repairs and re-works, and concludes that the marage 

steel lends itself to major re-work and repair at any stage 

of manufacture and testing. The opinion of this well 

experienced rocket case fabricator is that the marage steel 

is far superior to the previous missile grade steels he has 

worked with. The important factors that make this re-work 

possible are the following: 1) the steel has extreme toughness 
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with high strength; 2) it can be welded in either the annealed 

or aged condition; 3) it can be locally aged; 4) it has 

* 

extremely high dimensional stability resulting in minimum 
distortion in welding and aging; and 5) it is possible to 
predict with relatively high confidence, the dimensional sta- 
bility during and after thermal treatment. 

Some typical examples of the repairs are as follows: 
a 120" diameter hydro-burst vessel lost its bolted-on closure 
from delamination of a plate which was made from the first 
production heat of steel. A new closure was made, a forging 
was cut from the original case, the new closure was welded 
inco the case, tne wexa was locally agea, ana tne repairea 
vessel passed the second hydrotest at the design strength level 
of 270,000 pounds per square inch. 

A 156" diameter segment was found by ultrasonic inspec- 
tion to contain a delamination. (Incidentally, the delamina- 
tion was discovered through the use of improved ultrasonic 
testing method devised by the Naval Research Laboratory and 
Excelco Company.) The questionable area, which was 4 inches 

by 24 inches long and on a Spherical surface, was removed and 

& 

replaced with a new piece of plate. The segment was aged, 

finish machined, and successfully hydrotested. It formed 
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part of a motor recently fired successfully, and has since 
passed another hydrotest. 


A 156" diamter cylinder was completed; on final inspec- 
tion subsurface cracks were found and a section of the case 
one foot in diameter was removed (Figure 20) . A new plate 
was welded in, locally aged and the segment passed hydro- 
test. « 


These examples of the special properties of the marage 
steel are of considerable interest in relation to the 
possibility of reusing rocket motor cases by recovering 
them from flight vehicles. • 


It would not be proper to give the impression that no 
difficulties have been encountered in the use of these 
steels. There is a tendency for lamination to occur in 
the steel, possibly as a result of austenitic inclusions. 
This condition can result in delamination of the plate near 
cut or welded edges or regions. It also may result in low 
through-thickness strengths, especially for sections above 
about 1 % to 2" in thickness. Tentative inspection methods 
have been devised and are being used, to detect banded steel 
plates and a great deal of work at mills and in fabricators 

plants is being done to pin-point the causes and the cures. 
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The marage steel has been found to be well adapted to 
rolled ring forgings- It is also found to be readily formed 
by sheer spinning with requirement that greater sheet rates 
be used than for other rocket motor case steels. In this 
fabrication, reductions of 80 to 82 % are possible without 
re-solution annealing. 

In summary it might be said that the level of successes 
in fabrication has been surprising and gratifying; the number 
of failures, deficiencies and flaws have been relatively 
very small, and the marage steels seem to be a fine choice 
for large motor cases. 

The next major technology advance might be classified 

as conceptual. It involves the nozzles. The problem is to 

make a rocket nozzle with a throat diameter of perhaps eight 

feet and an exit diameter of 20 feet or more. As stated 

earlier, the burning time to which these nozzles will be 

exposed is of the order of two minutes. What materials can 

be used? Before propounding an answer, a very important 

factor must be highlighted: thrust or specific impulse of 

motors of the large size is essentially unaffected by an 

inch or two change in nozzle throat diameter. In other words, 

an ablating nozzle is satisfactory (Figure 21) . This is 
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extremely fortunate, because on examining available materials 
for nozzles of this size, one considers refractory metals, 
block graphite or laminated structures of graphite and 
carbon cloth (Figure 22) . The refractory designs are quickely 
put by because of the difficulty of making them and of the 
weight and the cost. The use of block graphite is possible 
and has been adopted for some 120" motors. Its use is limited, 
however, by the unavailability of graphite blocks larger than 
about five feet in diameter, except on an experimental basis. 
Consequently, the technology developed for very large nozzles 
has been based on the ablative laminated structure. A 
typical design uses a carbon tape entrance sectiop, a graphite 
tape throat section, a carbon or grap'nice cape exic region, 
and finally a silica tape exit liner (Figure 23) . The 
fabrication process involves winding of the tapes on metal 
mandrels under properly controlled pressure from rollers 
(Figures 24, 25) . The tapes have been previously impregnated 
with the bonding agent, and are in a semi-cured, dry state. 
After completion of wrapping and machining, the components 
are cured at a few hundred degrees in hydroclaves or auto- 
claves. Final bonding together, machining, and insertion 
into the nozzle shell completes the fabrication (Figures 26, 


27, 28). 
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The test record of large nozzles of this hind is not 

extensive to date, but the results are sufficiently conclusive 

to verify the concept (Figure 29) . In the most recent test, 

with a 156" diameter motor which produced almost one million 

pounds of thrust, the ablation rate on the most critical 

part of the nozzle, the throat, was less than 0.003 of an 

inch per second, appreciably less than the estimates made 

on the basis of smaller scale tests. Thus over the approxi- 
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mately 120 seconds burn time, the radius of the nozzle throat 
changed less than one-half inch. 
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Conceptually, the wrapped ablative nozzle design seems 
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standpoint' there is much that needs to be learned. Some 
test firings indicate that the angle of wrap of the various 
materials must be carefully controlled. Quality control 
relating to the rippling of the laminate material must be 
stringent, since the erosion rate is strongly dependent on 
this factor. Standards for inspection, qualification and 
general quality assurance must be established. 

The state of thrust vector control technology for solid 

rocket motors has advanced greatly in an engineering sense 

in the past three years. The three systems which have been 
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either developed or evaluated on large motors are liquid 
injection, jet tabs, and movable nozzles (Figure 30) . All 
of these techniques were demonstrated in principle on smaller 
rockets as long ago as 1957 through 1959- The real accom- 
plishments in recent years has been the proof of structures 
with ability to stand the longer 120 seconds burn time, 
rather than the typical early rocket burn time of 60 seconds, 
and the extension of fabrication technology to the large 
dimensions required for large motors. The most highly 
developed system is the secondary injection method (Figure 31) . 
Thrust deflection angles of at least five degrees can be 
attained, and recent imorovements in the injector design 
has resulted in excellent side specific impulses (Figure 32) . 
Clever design for redundancy results in a highly reliable 
system in spite of the numerous components. 

The jet tabs were recently tested on the firing of the 
156" diameter motor with thrust level of almost one million 
pounds and duration of approximately 120 seconds (Figure 33) . 

A second test will be made before the end of this year. The 
results of the firing give good confidence that the jet tabs 
can be developed for very large motors. This system, too, 

can give six degrees or more of equivalent jet deflection. 
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The third vector control method under investigation 
is that of the moving .nozzle; more specifically the fully 
gimballed nozzle. The tests so far have involved motors 65" 
in diameter with throat size of 15". The basic concept is 
an outgrowth of previous designs but the nozzle is of the 
laminated ablative design described earlier. In two tests 
of 15" diameter throat nozzles, 60 second runs were obtained 
with no failure of operation or seal. Within this calendar 
year the nozzle will be tested on a motor 156" in diameter 
with throat diameter of 38", for burn time of 120 seconds. 

The thrust level will be almost 1 % million pounds, the motor 
weight 3/4 of a million pounds (Figure 34) . 

The art of vector control for solid rocket motors, we 
see, is in pretty good state. One concept is highly developed, 
and two other designs have been evaluated on intermediate 
size rockets. In discussing the performance potentialities 
of such systems it is well to review the requirements for 
very large space vehicles. Consider two vehicles, with pay- 
load to orbit capabilities of 500,000 or 125,000 pounds, and 
with solid propellant first stages, and liquid propellant 
upper stages. Without fins, the thrust vector control 
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requirements are equivalent to four degrees jet deflection; 
with fins, the requirements are much less (Figure 35) . 

Another important new concept which has been established 

during the immediate past is a method for processing, cast- 

ting and curing very large and heavy motors. The pressure 

to derive a new methodology for making very large motors, 

grows from the difficulty of moving them. The conclusion is 

that it is more desirable to move equipment and tooling to 
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the fixed motor than it is to move the multi-million pound 
motors through a fixed plant. This leads to the combination 
cast-cure test facility (Figures 36, 37). In principle it 
is simple - a hole in the ground about 120 feet deep and 
50 to 55 feet in diameter. The motor case is placed on 
a thrust jack in the pit, nozzle end upward; propellant is 
brought to the motor and cast into it; curing takes place 
in the pit without moving the motor, and ultimately, static 
firing takes place in the pit. A final possibility in 
relation to the pit is that it can be built with flood 
gates which allow it to be flooded so that the motor in 
a suitable caisson can be floated out, and placed on a barge 
for delivery to a launch and preparation site (Figure 38) . 
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Two complete new facilities, based upon this concept, have 
been built and are now operational. Both have been provided 
by company funds. 

The state-of-art of motor insulation is based largely 
on smaller rockets, with one exception. Most of the insula- 
tion for the large motors is made of loaded rubbers, the 
loading usually being silica or asbestos. In general, the 
insulation is pre-formed from rubber sheet which is bonded 
together and cured in a vacuum bagging operation in auto- 
claves. The thickness of insulation in large motors may 
be as great as three inches, and generally, the thickness 
-i « war-i crt anrl rniH-nurad to match the predicted insulation 
requirements (Figure 39) . 

One new technology under development is that of slurry 
insulation. A rubber mastic compound is put on to the walls 
of the motor case by a hand troweling operation, followed 
by pneumatic tamping. A great virtue of this method is the 
short processing time compared to the pre-molding operation, 
and the possibility for lower cost. There is a question, 
of course, of erosion rate. Thus far, the erosion rates 
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seem to be at least equal to those shown by the pre-molded 
insulation (Figure 40). Two of the 260" diameter motors to 
be made and tested in the next 12 months will use insulation 
based on this concept. 

Now, having discussed the technologies to make a 
complete motor, we will consider the question of ignition. 

Two new concepts of ignition have evolved over the past few 
years, and one of them has been brought to a fairly advanced 
state of development. They are aft end ignition and hyper- 
golic ignition. The aft end igniters used for the very large 
motors are generally of the pyrogen type, generally designed 
to burn for about % second. 

The concept has the igniter pointing into the motor through 
the exit cone, with a track and cable device for allowing 
the igniter motor case to be removed from the exhaust stream 
of the main motor. 

Hypergolic ignition involves the use of a reactive 
liquid which is brought into the motor case through the 
nozzle and which is sprayed on the propellant surface, usually 
near the forward end of the grain. A sufficient number of 
tests with hypergolic ignition have been made within the 
past three years to prove conclusively that it is a feasible 



20 



and in some applications an attractive system. Either of 
these systems lends itself admirably to pad mounting. This 
means chat a great degree of reliability and redundancy 
can be built in to an igniter system without penalizing a 
flight vehicle by excess weight. For a launch vehicle with 
a booster stage made of clusters of motors, this factor 
becomes important. Needless to say, in such a design it 
is absolutely essential that all motors be ignited, and 
the pad mounting set-up is an additional assurance of 
ignition of clusters. Another ignition concept tested 
extensively during the past two years to achieve high relia- 
bility for ignition of clusters is based upon the concept 
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each igniter motor is joined to all others by a small dia- 
meter tube which allows the combustion gases to serve the 
function of ignition in the event of failure of the electri- 
cal initiators. The method has worked well. 

Our discussion to this point has concerned itself with 
state-of-art which has become fairly well established. 

We would now like to mention a few items which are in an 
earlier stage of investigation, but which give good promise 
of success, and which offer advantages or capabilities 
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not now available. One important technology that appears 
ready to blossom is that of failure warning systems. As is 
well known, a manned launch vehicle has a requirement that 
the human payload must be saved in the event of the failure 
of any part of the system. In liquid propellant vehicles, 
failure warning and abort systems have been developed and 
are in use. The anologous warning systems for solid booster 
vehicles are obviously not nearly so highly developed. The 
investigation and developments over the past few years 
have resulted in methods for dealing with one primary- 
failure mode; over pressurization, and more recently for 
dealing with burn through. It is a fortunate fact that the 
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are relatively immune to the effect of propellant cracks 
or flaws which produce over-pressurization. As an illustra- 
tion, in a 260 1 ' diameter motor, a full length, full webb, 
depth grain crack would result in a 17% increase in burning 
area with concomitant pressure of 837 psi relative to a 
failure pressure of 870 psi (Figure 42) . It appears that 
the motor can take the full crack without failure. A separa- 
tion 20 feet long in the cylinder, however, around the entire 
pheriphery of the case is sufficient to reach the minimum 
chamber pressure. This amounts to about 1,500 additional 
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square feet of burning area. The significance of this 
condition is that there is considerable time to detect 
the onset of a pressure rise resulting from excess burninq 
surface and to activate escape systems. The instrumentation 
required for doing this is not new and would consist of 
existing pressure transducers and a proper electronic 
set-up. 

The Second major failure mode, case burn through, is 
much more difficult to deal with. This mode can be related 
to the previous one, because the extra burning surface which 
leads to pressure rise may be located at a boundary where 
it also can lead to temperature rise and burn through. The 
problem of detection of overheating seems at first insur- 
mountable, since there could be more than 10,000 square 
feet of motor case surface to monitor. However, during the 
past two years the effort along this line seems to have 
produced results. A liner and insulation material contain- 
ing electrically conductive layers has been developed which 
is satisfactory in every way with respect to compatibility 
with propellant and performance as insulator. A tungsten 
electrode is placed in the motor cavity, and since the 

combustion gases are good electrical conductors, a circuit as 
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completed when the conductive layers are exposed by a burn- 

through (Figure 43) . The method has been tested in small 

motors and appears to give a large and unequivocable signal 

when the burn-through reaches the conductive layer, allowing 

ample time for activation of an escape system (Figure 44) . 

Within the next two years it is expected that this concept 

will be checked out on large motors and will become an 

accepted part of the large motor technology. 

< 

Another special concept which we may have mentioned 
in passing is worth discussing further now. It is the 
re-use of motor cases, insulation and nozzle component. 

The experience of the past years shows quite conclusively 
that the motor case segments of the segmented motors can 
be re-used. The 156" diameter motor tested in May is now 
in the stage of reprocessing for re-loading and firing. 

This program, in fact, was predicated upon the re-use of 
the- motor case. Numerous other examples can be given of 
individual segments that have been re-used once, and 
one or two segments have been re-used twice. There seems 
to be no reason why even greater re-use cannot be obtained. 
The idea of case re-use is probably hot new; more novel is 
the re-use of the insulation system. The 156" segmented 
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motor is now being re-processed for the second firing with 
the same insulation system that was used in the first 
firing. The charred layers of insulation were removed 
by buffing and grinding, and the remainder is found to 
be adequate, with large reserve, for the second firing. 

An interesting side-light on this motor is that it was 
requalified by hydro-test after the first firing with the 
insulation in place. The metal shell of the nozzle will 
also%be re-used. Although it has not yet been attempted, 
it is interesting to consider whether the entire nozzle of 
a large motor might not be re-used in a similar manner. 

The question of hazard classification and safety 
demonstration is not usually considered to be a state-of- 
the-art item. There have been recent tests in this area, 
however, which are of sufficient interest and significance 
to be worth reviewing here. The question of the hazard 
classification of the propellants in terms of their TNT 
equivalents is usually dealt with by arbitrary tests in 
which high explosive donars are placed on motors or charges. 
The composite propellants now being used for very large 
motors • are classified in this way as a class II fire hazard 
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only with a TNT equivalence of less than 20% . 
Considerable concern has been expressed by range safety 



personnel about the hazards that might develop from the 
destruct or fall back of a very large solid motor. A 
recent test to deal with this question has been accom- 
plished. In this test, a short segmented 120" diameter 
motor was mounted upon a sled, and propelled under its 
own power to a speed of 650 feet per second. It was 
released while still burning, and while it still contained 
more than 80,000 pounds propellant, and flew into a con- 
crete wall seven feet thick, backed up by a few inches of 
armor steel. These conditions of velocity and propellant 
load were computed to represent the worse circumstances 
of drop of a motor this size. The result was gratifying, 
if spectacular. The various gauges monitoring the impact 
indicate extremely low TNT equivalent, probably under 5%. 
Much fragmented unburned propellant and large pieces of 
of motor case was recovered froa the area. All evidence 
indicated that no detonation had occurred. 

The final technology we wish to discuss concerns the 
cost of the new classes of solid motors. We mentioned 
earlier in the paper that cost effectiveness is quite 
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important in appraising the relative merits of propulsion 
systems for large launch vehicles. It is a fortunate fact 
that the increase in size of the rocket motors has resulted 
in a decline in the unit cost of the completed motor. This 
can be easily rationalized, since it is clear that the 
greater amount of propellant put into a motor, the larger 
proportion of the low cost element is used. The illustra- 
tion (Figure 46) shows that one of the early 100" diameter 
motors, fired in 1962, was made at a cost of $2.75 per 
pound, and projections of unit cost into the large motor 
area indicate unit cost near $1.50 per pound including 
thrust vector control system (Figure 4/1. 

In this section of the paper we have concentrated 
mostly on the new but fairly well-established state-of~art 
of motors and components which are applicable to the 
national space effort. The items discussed in detail are 
almost ready for use by the total solid rocket industry. 
Perhaps within a short time they will provide the path 
to the new plateau of use we foresee by opr review. 
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Figure 22 
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VACUUM BAG CURING 
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65-SS-2 NOZZLE PERFORMANCE 



Figure 29 
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INSULATION 




HEAD END FAR AFT END CYL SECT! 

AVG THICKNESS BEFORE TEST 0.666 IN. 3.032 IN. N/A 

AVG THICKNESS AFTER TEST 0 .612 IN. 2.803 IN. N/A 

DESIGN EROSION RATE 4.0 MILS/SEC 5.9 MILS/SEC NONE 

ACTUAL EROSION RATE 1.58 MILS/SEC 4.34 MILS/SEC NONE 


BURNING AREA IK CREASE AND 
MAXIMUM P„ WITH VAf.IOUS FAILURES 



Minimum Chamber Failure Pressure 870 psi 


SENSOR CONCEPTS: INTEGRAL LINER [PHASE II) 



Figure 43 
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